Sex Differences in Central Hemodynamics and Their Relationship to Left Ventricular Diastolic Function  by Shim, Chi Young et al.
Journal of the American College of Cardiology Vol. 57, No. 10, 2011
© 2011 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00Sex Differences in Central Hemodynamics and
Their Relationship to Left Ventricular Diastolic Function
Chi Young Shim, MD, PHD,* Sungha Park, MD, PHD,* Donghoon Choi, MD, PHD,*
Woo-In Yang, MD,* In-Jeong Cho, MD,* Eui-Young Choi, MD, PHD,* Namsik Chung, MD, PHD,*
Jong-Won Ha, MD, PHD*†
Seoul, Republic of Korea
Objectives This study aimed to investigate sex differences in the association between arterial stiffness and left ventricular
(LV) diastolic dysfunction.
Background Heart failure with preserved ejection fraction is more common in women. Arterial stiffness has been suggested
as a significant contributor to the development of heart failure. We hypothesized that the association between
arterial stiffness and LV diastolic function would be stronger in women than in men.
Methods Two-dimensional, Doppler echocardiography and radial artery tonometry were performed simultaneously in
158 age-matched subjects (79 males, 79 females; mean age: 58  10 years) without any structural heart
disease or LV systolic dysfunction.
Results The peripheral blood pressure and pulse pressure (PP) were similar between sexes. However, central PP and augmen-
tation index were significantly higher and PP amplification was significantly lower in women (1.31 vs. 1.19, p 
0.001). The associations of PP amplification with early diastolic mitral annular (Em) velocity and transmitral to mitral
annular early diastolic velocity ratio (E/Em) were significant in women (r  0.38, p  0.001; r  0.36, p  0.001),
whereas no significant association was found in men (r  0.09, p  0.428, r  0.14, p  0.215). Multiple re-
gression analysis revealed that PP amplification had an independent correlation with Em velocity only in women.
Conclusions Despite similar peripheral PP, the central hemodynamics reflecting arterial stiffness were different between men
and women. LV diastolic function correlates significantly with the parameters representing arterial stiffness only
in women. We suggest that the effects of earlier wave reflection on central pressure may contribute to greater
susceptibility to heart failure with preserved LV ejection fraction in women. (J Am Coll Cardiol 2011;57:
1226–33) © 2011 by the American College of Cardiology Foundation
Published by Elsevier Inc. doi:10.1016/j.jacc.2010.09.067Nearly one-half of patients presenting with heart failure
have preserved left ventricular (LV) ejection fraction, and
the importance of heart failure with preserved ejection
fraction increasingly is becoming recognized (1–3). These
patients presumably have heart failure predominantly on the
basis of LV diastolic dysfunction. Prior data suggest that
patients who have heart failure with preserved ejection fraction
tend to be older, female, and have a history of hypertension
(3–6). Recently, arterial stiffness has been suggested as a
significant contributor to the development of heart failure
(7–8). Also, a few studies have reported a relationship between
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2010, accepted September 28, 2010.arterial stiffness and diastolic dysfunction in various popula-
tions (9–13). Arterial stiffness and early wave reflections lead to
augmentation of the central aortic pressure wave amplitude and
increased LV afterload, and thus may promote impaired
relaxation (12). It has been demonstrated that women differ
See page 1234
significantly from men in central arterial pressure waveforms
and have inappropriately higher vascular loading conditions
(14–16). However, sex-related differences in the association
between arterial stiffness and LV diastolic function are unclear.
Therefore, we hypothesized that the association between arte-
rial stiffness and LV diastolic function would be stronger in
women compared with men.
Methods
Study subjects. The study population consisted of subjects
referred for diastolic stress echocardiography between Novem-
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March 8, 2011:1226–33 Central Hemodynamics and Diastolic Functionber 2007 and December 2009. Among the 338 consecutive
subjects (126 males, 212 females; mean age: 59  11 years)
who underwent diastolic stress echocardiography, subjects with
cardiomyopathies, LV systolic dysfunction (LV ejection frac-
tion55%), significant valvular disease, arrhythmia, peripheral
rtery disease, coronary artery disease, or renal insufficiency
serum creatinine 1.4 mg/ml) were excluded. Of the 308
ubjects who satisfied the entry criteria completely, we elimi-
ated 20 subjects from analysis because the recorded central
emodynamics were of insufficient quality. Each consecutive
emale subject was matched to the male subject of the same
ge. If an exact age match could not be found, then the male
ubject closest to the age of the female subject (within the same
-year age group) was selected. Among 288 subjects, 130
ubjects were eliminated after age matching between the sexes.
inally, male subjects (n  79) and female subjects (n  79)
ere selected by 1:1 matching. We also performed subgroup
nalyses after matching for diastolic function based on the Em
elocity (n 114; 57 males, 57 females) or E/Em (n 98; 49
ales, 49 females). For indices of LV diastolic function, 1:1
xact matching was used. Each subject provided written
nformed consent to the protocol approved by our institutional
eview board.
wo-dimensional and Doppler echocardiography. Two-
imensional, M-mode, pulsed Doppler and tissue Dopp-
er echocardiography were performed on an ultrasound
achine (Vivid Seven, GE Medical Systems, Horten,
orway) with a 2.5-MHz transducer. Standard 2-dimensional
easurements (LV diastolic and systolic dimension, ven-
ricular septum and posterior wall thickness, left atrial
olume, and LV outflow tract diameter) were obtained as
ecommended by the American Society of Echocardiog-
aphy (17). From the apical window, a 1- to 2-mm pulsed
oppler sample volume was placed at the mitral valve tip,
nd mitral flow velocities from 5 to 10 cardiac cycles were
ecorded. The mitral inflow velocities were traced and the
ollowing variables were obtained: peak velocity of early
iastolic mitral inflow (E), late diastolic mitral inflow,
nd deceleration time of the E velocity. Stroke volume
as measured from the LV outflow tract diameter and
he pulse-wave Doppler signal as previously described
18). Mitral annular velocities were measured by Doppler
issue imaging using the pulsed-wave mode. The filter
as set to exclude high-frequency signals, and the Ny-
uist limit was adjusted to a range of 15 to 20 cm/s. Gain
nd sample volume were minimized to allow a clear tissue
ignal with minimal background noise. Early diastolic
itral annular (Em), late diastolic and systolic velocities
f the mitral annulus were measured from the apical
-chamber view with a 2- to 5-mm sample volume placed
t the septal corner of the mitral annulus.
easurement of central hemodynamics and arterial stiffness.
entral hemodynamics and parameters of arterial stiffness
ere assessed with pulse wave analysis of the radial artery
nd carotid-femoral pulse wave velocity using commercially
vailable radial artery tonometry (SphygmoCor, AtCoredical, Sydney, Australia). The
easurements were obtained in
he supine position after a mini-
um of 5 minutes of rest just
efore the echocardiogram.
As previously reported (10,19),
eripheral pressure waveforms were
ecorded from the radial artery at the
rist using applanation tonometry
ith a high-fidelity micromanom-
ter (Millar Instruments, Hous-
on, Texas). After 20 sequential waveforms had been ac-
uired, a validated generalized transfer function was used to
enerate the corresponding central aortic pressures and
ressure waveforms. Central systolic blood pressure (BP),
iastolic BP, pulse pressure (PP), augmentation pressure,
nd augmentation index were derived using the technique of
ulse waveform analysis. PP was calculated as the difference
etween respective systolic and diastolic pressure. Augmen-
ation pressure is the difference between the second and the
rst systolic peaks, and the augmentation index is defined as
he ratio of augmentation pressure to aortic PP, expressed as
Clinical Characteristics andBaseline Echo ardiographic FindingsTable 1 Clinical Chara teristics andBaseline Echocardiographic Findings
Men
(n  79)
Women
(n  79) p Value
Age, yrs 58 10 58 10 1.000
Height, cm 168 7.0 158 5.2 0.001
Weight, kg 70 9 63 9 0.001
Body mass index, kg/m2 24.9 2.8 25.1 3.1 0.772
Hypertension 56 (70.9) 56 (70.9) 1.000
Diabetes mellitus 11 (13.9) 12 (15.2) 0.822
Smoking 51 (64.6) 6 (7.6) 0.001
Medication history
ACE inhibitor or ARBs 19 (24.1) 26 (32.9) 0.079
CCBs 22 (27.8) 22 (27.8) 1.000
Beta-blockers 12 (15.2) 15 (19.0) 0.550
Diuretics 8 (10.1) 6 (7.6) 0.575
LVEDD, mm 48 4 47 4 0.156
LVESD, mm 32 4 30 3 0.043
LV mass index, g/m2 90.9 17.8 87.6 18.6 0.250
LV ejection fraction, % 66 5 68 6 0.056
LA volume index, ml/m2 24.4 6.2 25.0 7.0 0.545
E velocity, cm/s 59.1 13.4 67.7 13.8 0.001
A velocity, cm/s 66.8 17.6 71.0 14.5 0.105
DT, ms 204 38 201 36 0.549
Em velocity, cm/s 6.8 2.0 6.4 2.2 0.252
Am velocity, cm/s 8.9 1.6 8.1 1.2 0.001
Sm velocity, cm/s 7.1 1.1 6.5 0.9 0.001
E/Em 9.2 2.9 11.4 3.4 0.001
LVOT ejection time, ms 296 29 310 47 0.029
SV index, ml/m2 39.2 5.5 40.8 7.4 0.145
Values are mean  SD or n (%).
A late diastolic mitral inflow; ACE angiotensin converting enzyme; Am late diastolic mitral
annular; ARB  angiotensin receptor blocker; CCB  calcium channel blocker; DT  deceleration
time; E early diastolic mitral inflow; Em early diastolic mitral annular; LA left atrial; LV left
Abbreviations
and Acronyms
BP  blood pressure
E  early diastolic mitral
inflow
Em  early diastolic mitral
annular
LV  left ventricular
PP  pulse pressureventricular; LVEDD left ventricular end-diastolic dimensio
dimension; LVOT left ventricular outflow tract; Sm systn; LVESD left ventricular end-systolic
olic mitral annular; SV stroke volume.
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Central Hemodynamics and Diastolic Function March 8, 2011:1226–33a percentage. In addition, given that the augmentation
index is influenced by heart rate, the index was normalized
for a heart rate of 75 beats/min. PP amplification was
calculated as the ratio of the peripheral to central PP. Pulse
wave velocity was assessed using the quotient of the carotid-
Figure 1 PP Amplification and Left Ventricular Diastolic Indices
The association of pulse pressure (PP) amplification with Em velocity was significa
The E/Em revealed a significant negative correlation with PP amplification in wome
Peripheral and Central Hemodynamic ParametersTable 2 Peripheral and Central Hemodynamic Parameters
Men
(n  79)
Women
(n  79) p Value
Peripheral (mm Hg)
SBP 129 16 130 18 0.893
DBP 78 10 77 11 0.454
PP 51 11 53 13 0.401
Heart rate, beats/min 67 11 65 10 0.149
Central
SBP, mm Hg 119 16 123 18 0.206
DBP, mm Hg 79 11 78 11 0.337
PP, mm Hg 40 9 45 12 0.005
AP, mm Hg 10.3 5.1 16.5 7.9 0.001
AIx, % 25.1 9.8 34.7 10.0 0.001
AIx @ 75, % 21.3 8.7 28.7 10.0 0.001
Peripheral-central SBP, mm Hg 10.1 4.6 7.1 3.7 0.001
PP amplification, mm Hg 1.31 0.16 1.19 0.10 0.001
PWV, m/s 8.1 2.0 8.0 2.0 0.748
Values are mean  SD.
AIx  augmentation index; AIx @ 75  augmentation index of heart rate 75 beats/min; AP 
ugmentation pressure; DBP  diastolic blood pressure; PP  pulse pressure; PWV  pulse wave
elocity; SBP  systolic blood pressure.femoral path length and carotid-femoral pressure pulse
transit time. High-quality recordings, defined as an in-
device quality index 90%, were derived from an algorithm
including average pulse height, pulse height variation, dia-
stolic variation, and the maximum rate of rise of the
peripheral waveform. Peripheral BP was measured imme-
diately preceding pulse waveform analysis using an oscillo-
metric BP monitoring device at the brachial level (Solar
8000M patient monitoring device, GE Medical Systems).
Statistical analysis. Continuous variables are presented as
mean  SD and categorical variables are presented as
absolute and relative frequencies (%). Data for sex groups
were compared using the Student’s paired t test for contin-
ous variables. Categorical variables were compared using
he chi-square test. Spearman’s simple correlation analyses
ere performed to determine the association between indi-
es reflecting arterial stiffness and parameters of diastolic
unction in both sexes. These analyses also were performed
fter matching for diastolic function based on the Em
elocity or E/Em. Correlations were compared between
en and women by Fisher’s Z transformation for the
ndependent correlation coefficients. To determine the in-
ependent association of the PP amplification with Em
elocity or E/Em in each sex, multiple linear regressions
ere performed with age, height, weight, the presence of
ypertension and diabetes mellitus, LV ejection fraction,
omen, but not in men (top).
not in men (bottom).nt in w
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March 8, 2011:1226–33 Central Hemodynamics and Diastolic FunctionLV mass index, use of each class of antihypertensive
medication, and heart rate as dependent variables. A p value
of 0.05 was considered statistically significant.
Results
Demographic characteristics. The comparison between
men and women with regard to demographic variables is
presented in Table 1. There was no significant difference in
body mass index and the proportion of subjects with
hypertension or diabetes mellitus. However, body weight
and height were significantly smaller in women compared
with men. For the medications, use of angiotensin convert-
ing enzyme inhibitors or angiotensin receptor blockers
seemed to be more frequent in women, but without statis-
tical significance. There were no differences in referral
reasons of diastolic stress echocardiography between men
and women (p  0.347). The evaluation of exertional
yspnea was the reason for diastolic stress echocardiography
n 32 men (40.5%) and 40 women (50.6%) and for the
ssessment of LV functional reserve during exercise in 37
en (45.8%) and 33 women (41.8%). The evaluation for
typical chest pain was the reason in 10 men (12.7%) and 6
omen (7.6%).
chocardiographic characteristics. Table 1 shows the
omparison of echocardiographic findings between the groups.
omen had smaller LV end-systolic dimensions, higher E
elocities, lower late diastolic and systolic velocities of the
itral annulus, and higher E/Em ratio. However, there were
o significant sex differences in LV mass index, left atrial
olume index, late diastolic mitral inflow velocity, Em velocity,
nd deceleration time. Women had more prolonged ejection
ime on the LV outflow tract pulsed-wave Doppler, but had
imilar stroke volume index.
eripheral and central hemodynamics and the indices of
rterial stiffness. Comparison of peripheral and central
emodynamics and the indices of arterial stiffness between
he sex groups are presented in Table 2. The peripheral
ystolic BP, diastolic BP, and PP were similar between
exes. However, central PP, augmentation pressure, aug-
entation index, and augmentation index for a heart rate of
5 beats/min were significantly higher in women. Regard-
ng the difference between central and peripheral hemody-
amics, PP amplification and difference between peripheral
nd central systolic BP were significantly lower in women.
owever, there was no difference in carotid-femoral pulse
ave velocities.
rterial stiffness and LV diastolic function. In simple
orrelation analysis, the associations of PP amplification with
m velocity, E/Em, and left atrial volume index were signifi-
ant in women (r  0.38, p  0.001; r  0.36, p  0.001;
r0.27, p 0.016, respectively), but not in men (r 0.09,
p  0.428; r  0.14, p  0.215; r  0.08, p  0.482)
Fig. 1, Table 3). The sex differences in correlations of PP
mplification showed a marginal significance for Em veloc-
ty (z  1.91, p  0.056) and E/Em (z  1.45, p  f.147). The different correlations between PP amplification
nd Em velocity in both sexes were consistent (men: r 
.03, p  0.838, women: r  0.32, p  0.016, z  1.58,
 0.114) in the subgroup after matching for Em velocity
mean 6.4  2.1 cm/s). Also, the correlation between PP
mplification and E/Em was significant only in women
men: r  0.12, p  0.431, women: r  0.60, p 
0.001, z  2.74, p  0.006) in the subgroup after matching
or E/Em (mean: 9.8  3.1) (Fig. 2). In women, the
ugmentation pressure, augmentation index, and difference
etween peripheral and central systolic BP also correlated with
m velocity, but these correlations were weaker than those of
P amplification (Table 3). Although the correlation between
ulse wave velocity and Em velocity (r0.21, p 0.008) or
/Em (r  0.18, p  0.028) had statistical significances in
verall subjects, there were no significant correlations in each
ex group. LV ejection time correlated significantly with Em
elocity (r  0.27, p  0.001) in overall subjects. However,
his correlation was stronger in women (r0.26, p 0.023)
than in men (r  0.19, p  0.097).
Multiple regression analysis revealed that PP amplifica-
tion had an independent correlation with Em velocity only
in women (beta  0.38, p  0.001), even after controlling
or confounding factors such as age, height, weight, pres-
nce of hypertension and diabetes mellitus, LV ejection
Simple Correlations Between Arterial Stiffnessand Diastolic Function in Both S xesTable 3 Simple Correlations Between Arterial Stiffnessand Diastolic Function in Both Sexes
Men
(n  79)
Women
(n  79)
Overall
(n  158)
r p Value r p Value r p Value
Em velocity
Peripheral PP 0.10 0.396 0.02 0.869 0.05 0.531
Central PP 0.12 0.282 0.17 0.138 0.16 0.042
AP 0.11 0.362 0.21 0.065 0.22 0.006
AIx 0.10 0.389 0.27 0.019 0.24 0.003
PP amplification 0.09 0.428 0.38 0.001 0.27 0.001
Peripheral-central SBP 0.06 0.585 0.27 0.018 0.20 0.011
PWV 0.18 0.118 0.22 0.061 0.21 0.008
E/Em
Peripheral PP 0.19 0.210 0.06 0.587 0.17 0.030
Central PP 0.18 0.137 0.20 0.087 0.30 0.001
AP 0.17 0.185 0.20 0.081 0.36 0.001
AIx 0.11 0.225 0.22 0.052 0.36 0.001
PP amplification 0.14 0.215 0.36 0.001 0.36 0.001
Peripheral-central SBP 0.03 0.789 0.21 0.061 0.25 0.002
PWV 0.15 0.181 0.16 0.160 0.18 0.028
LA volume index
Peripheral PP 0.17 0.134 0.18 0.118 0.18 0.015
Central PP 0.18 0.148 0.24 0.034 0.22 0.003
AP 0.10 0.368 0.20 0.073 0.18 0.027
AIx 0.03 0.773 0.15 0.178 0.11 0.160
PP amplification 0.08 0.482 0.27 0.016 0.17 0.035
Peripheral-central SBP 0.03 0.796 0.15 0.199 0.08 0.299
PWV 0.00 0.997 0.11 0.350 0.05 0.513
Abbreviations as in Tables 1 and 2.raction, LV mass index, use of each class of antihyperten-
01230 Shim et al. JACC Vol. 57, No. 10, 2011
Central Hemodynamics and Diastolic Function March 8, 2011:1226–33sive medication, and heart rate (Table 4). The correlation
between PP amplification and E/Em did not reach a
statistical significance not only in men (beta  0.14, p 
.407), but also in women (beta  0.22, p  0.099) in
multiple regression analysis.
Discussion
The present study is, to our knowledge, the first to dem-
onstrate the sex difference in the association between the
indices of arterial stiffness and LV diastolic functional
parameters in subjects with preserved LV ejection fraction.
These data suggest that the effect of earlier wave reflection
on central pressure in women may contribute to hemody-
namic liability prone to heart failure.
Importance of the central hemodynamics and sex differences.
The results of the CAFE (Conduit Artery Functional End-
point) study of the ASCOT (Anglo-Scandinavian Cardiac
Outcomes Trial) highlighted the clinical importance of mon-
itoring central BP and hemodynamics (20). More recently, the
Strong Heart Study demonstrated that noninvasively deter-
mined central PP was related more strongly to vascular
hypertrophy, extent of atherosclerosis, and cardiovascular
events than brachial BP in the general population (21).
Women differ significantly from men in central arterial
pressure waveforms and have an inappropriately higher
vascular loading condition (14–16). Women have larger
Figure 2 PP Amplification and Left Ventricular Diastolic Indices
The sex differences in correlations between PP amplification and Em velocity w
lation between PP amplification and E/Em were significant only in women in the sreflected waves than men, not only because of shorter heightproducing closer physical proximity between the heart and
reflecting sites (22), but also because of greater taper of
arteries between the aorta and periphery (16). The sex
differences in central hemodynamics and the smaller PP
amplification in women of our study were consistent with
the results of previous reports (16,22).
In this study, body height was significantly lower in
women than in men, and there was a significant association
of body height with central hemodynamics and indices of
diastolic function. However, the relationship between PP
amplification and Em velocities was significant, even after
controlling for confounding factors including body height.
Thus, the closer relationship between central pressure indi-
ces and diastolic functional parameters in women cannot be
explained by the difference in height. A recent study
investigating prepubertal children showed that girls had
significantly greater central arterial pulse wave augmenta-
tion than boys of similar age and height (23). These data
also support the notion that body height per se does not
account for greater pulse wave augmentation and earlier
wave reflection (23).
In our study, PP amplification showed the most signifi-
cant correlation with indices of LV diastolic function among
the various indices reflecting vascular stiffening. Normally,
differences in vessel stiffness and reflection of pressure waves
within the arterial tree (24) result in considerable amplifi-
ubgroups
nsistent in the subgroup after matching for Em velocity (top). Also, the corre-
p after matching for E/Em (bottom). Abbreviations as in Figure 1.in S
ere co
ubgroucation of PP between the aorta and brachial artery (25).
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March 8, 2011:1226–33 Central Hemodynamics and Diastolic FunctionThis so-called PP amplification is a well-established hemo-
dynamic phenomenon, and reduced PP amplification is
related to cardiovascular risks and outcomes superior to the
values of brachial or central arteries alone (26,27). There-
fore, PP amplification has been suggested as a mechanical
biomarker of cardiovascular disease and risk, together with
global arterial properties (28,29). From a practical view-
point, PP amplification can be measured more accurately
than pressure augmentation, because it does not require
identification of an inflection on the ascending limb of the
aortic pressure wave.
Sex difference in the relationship between arterial stiffness
and LV diastolic function. A few studies revealed the
elationship of arterial stiffness to diastolic dysfunction in
arious populations (9–13,30). Our data largely are confir-
atory of what was previously shown for the ventricular-
rterial relationship (10,13). Decreased arterial compliance
ay contribute to the development of LV diastolic dysfunc-
ion through increased PP and LV afterload (12). Increased
V afterload and an increase in late systolic augmentation
ay slow LV relaxation. Moreover, widening of central PP
nd a decrease in central diastolic BP can compromise
oronary perfusion and may induce further impairment of
Independent Correlation Between Arterial Stiffnessand Diastolic Function in Men a d WomenTable 4 Independe t Corr lation Between Arterial Stiffnessand Diastolic Function in Men and Women
Em Velocity (cm/s) Beta t p Value
Men (R2  0.541)
Age 0.578 4.58 0.001
Height 0.172 1.43 0.156
Weight 0.135 1.28 0.206
Presence of HTN 0.122 1.18 0.243
Presence of DM 0.023 0.24 0.812
LV ejection fraction 0.040 0.40 0.689
LV mass index 0.241 2.58 0.012
Use of beta-blockers 0.077 0.79 0.431
Use of ACE inhibitor or ARBs 0.027 0.27 0.787
Use of CCBs 0.125 1.21 0.229
Use of diuretics 0.175 1.79 0.178
Heart rate 0.157 1.36 0.179
PP amplification 0.068 0.53 0.595
Women (R2  0.673)
Age 0.419 4.31 0.001
Height 0.168 1.71 0.093
Weight 0.168 1.86 0.068
Presence of HTN 0.059 0.57 0.574
Presence of DM 0.182 2.36 0.022
LV ejection fraction 0.059 0.66 0.513
LV mass index 0.206 2.50 0.015
Use of beta-blockers 0.028 0.33 0.745
Use of ACE inhibitor or ARBs 0.024 0.27 0.790
Use of CCBs 0.057 0.69 0.493
Use of diuretics 0.020 0.24 0.813
Heart rate 0.057 0.58 0.562
PP amplification 0.377 4.18 0.001
DM diabetes mellitus; HTN hypertension; PP pulse pressure; other abbreviations as in Table 1.yocardial relaxation (10,12). Weber et al. (31) observed anincrease in the duration of LV ejection accompanied by
increased wave reflections in patients with diastolic dysfunc-
tion. In our results, the duration of LV ejection assessed by
LV outflow tract pulse-wave Doppler was significantly
larger in women compared with that in men. Moreover, LV
ejection time significantly correlated with Em velocity, and
this correlation was stronger in women than in men.
Therefore, it can be suggested that LV diastolic dysfunction
in women may be linked to prolonged LV ejection time as
a result of increased wave reflections.
Previously, a few studies have demonstrated the associa-
tion between pulse wave velocity and diastolic function
(10,30). In this study, no difference was found in pulse wave
velocities between men and women. These results are
consistent with those obtained from a large cohort of
healthy normotensive individuals (32). A higher augmenta-
tion index was observed in women, but no difference in
aortic or brachial pulse wave velocities was observed (32).
his may be the result of different sensitivities for vascular
tiffening, as well as being the result in part of a different
caling for body size between pulse wave velocity and indices
rom wave reflection. It has been shown that wave reflection
ay provide a more sensitive marker of vascular aging in
ounger individuals (32). The subjects of the present study
ere at lower risk for vascular aging and had no structural
eart diseases.
Although these previous studies also included female
ubjects (9–13), the sex difference in the relationship be-
ween arterial stiffness and LV diastolic function has not
een emphasized. In a study of hypertensive subjects, an
mportant interaction between sex and arterial compliance
as suggested (12). In this study, the correlation between
ulse wave velocity and Em velocity was weaker and less
ignificant than results from previous studies (10,13), and
here was no sex difference in this correlation. Compared
ith previous studies (10,13), the study population was
ounger and had lower risks of vascular aging, narrow PP,
nd lower pulse wave velocities. These factors may contrib-
te to the different results. Interestingly, the indices of wave
eflections were well correlated with LV diastolic function
nly in women. We think that the sex difference in the
nteraction between increased wave reflection and LV dia-
tolic dysfunction was more significant in our study than in
ther studies because we included subjects with relatively
ower cardiovascular risk. The life-long central hemody-
amic loads in women may influence LV diastolic function
ven in subjects with normal LV geometries.
tudy limitations. First, owing to the observational nature of
our study, there is little insight into causality between arterial
stiffness and diastolic function, and it is still unclear how sex
modifies the relationship. Second, there was a high proportion
of well-controlled, treated hypertensive subjects at the time of
enrollment. However, we believe that the effects of treatment
were minimized by the similar proportion of treated patients
and by the absence of significant differences in baseline
peripheral systolic BP, diastolic BP, and PP between women
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index were within normal ranges. Moreover, the correlations
between PP amplification and Em velocity in both sexes were
consistent even after controlling for the presence of hyperten-
sion and use of various antihypertensive medications in mul-
tiple regression analysis. Third, central aortic pressure was
determined only indirectly using radial artery tonometry.
However, noninvasively derived central aortic pressure on
radial tonometry has been validated in various hemodynamic
settings (33–35). Fourth, we noninvasively assessed LV dia-
stolic function via echo Doppler and tissue Doppler imaging
measures, although the gold standard is an invasive cardiac
catheterization.
Conclusions
In women, despite having similar peripheral hemodynamics as
men, there are significant differences in central hemodynamics.
LV diastolic function significantly correlates with parameters
representing arterial stiffness in women, but not in men. We
suggest that the effects of earlier wave reflection on central
pressure may contribute to greater susceptibility to heart failure
with preserved LV ejection fraction in women.
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